To identify which of the three simple anthropometric indices, body mass index (BMI), waist-to-hip ratio (WHR) and waist circumference (WC), best predicts cardiovascular risk factors, and to determine if the association between the anthropometric indices and cardiovascular risk factors varies with gender. DESIGN AND METHODOLOGY: A cross-sectional population-based survey was carried out during 1995 -1996. One thousand and ten Chinese people (500 men and 510 women) aged 25 -74 y were recruited as subjects for the study. Metabolic profiles and anthropometric indices were measured. RESULTS: Partial correlation and co-variance analyses showed that WC exhibited the highest degree of association with almost all of the studied metabolic profiles for both men and women. We observed significant gender differences in the association between central or general obesity with cardiovascular risk factors. BMI had an independent and significant association with metabolic risks in men, but not in women, whereas WHR was more strongly correlated with metabolic risks for women than for men. Logistic regression analysis further confirmed the magnitude of the association between the obesity indices and metabolic risks. Among the studied metabolic variables, serum insulin showed the highest degree of association with the obesity indices, followed by plasma glucose, triglyceride, HDL and blood pressure. Total cholesterol and LDL-cholesterol had a small but significant correlation with obesity. No threshold values in the relation between either the anthropometric indices and metabolic values, or with hypertension, diabetes and dislipidemia were observed. CONCLUSION: The association of central or general obesity and metabolic syndrome varied with gender. In addition, the useful anthropometric predictors for cardiovascular risk factors were BMI and WC for men, and WC and WHR for women.
Introduction
Obesity is an increasing world-wide health problem, especially in developed countries or districts. 2 -4 With changing food habits and increasingly sedentary lifestyles, the prevalence of obesity has increased markedly in Hong Kong over recent decades. 1 Previous research has consistently shown that both absolute total fat and adipose tissue distribution are closely associated with the risks of diabetes, hypertension, hyperlipidemia and cardiovascular disease. 5 -7 However, it remains uncertain which pattern of obesity is the more significant predictor of metabolic syndrome. Many studies discovered that fat distribution, rather than absolute total fat, is more closely associated with these risk factors. 8, 9 Other studies, however, found that total body fat or body mass index (BMI), rather than its distribution, is the stronger predictor of metabolic risks. 10, 11 Waist-to-hip ratio (WHR) is so far the most widely used index of central fat distribution due to its benefits in routine monitoring and assessment in patients. Although abdominal viscera adipose tissue measured by computed tomography (CT) or magnetic resonance imaging (MRI) may more accurately reflect fat distribution and more correctly predict metabolic risks, 12 -16 their inherent high cost and radiation hazard prevent their use in large-scale epidemiological studies or self-assessments. Recent studies have shown that waist circumference (WC) is the best simple anthropometric index of abdominal visceral adipose tissue, 17 -19 and may also be the best index for predicting cardiovascular risks. 18, 20, 21 Few studies have compared the degree of association of WHR and WC with cardiovascular risks after adjustment for total fat or BMI. Also, limited data have compared the degree of correlation of WHR or WC (controlling for BMI) and BMI (controlling for WHR) with metabolic and lipid profiles.
This study aimed to evaluate the independent association of WHR, WC and BMI with cardiovascular risk factors, such as plasma lipid profiles, fasting and 2 h plasma glucose, fasting serum insulin, blood pressure, hypertension, diabetes mellitus and dislipidemia. The study also aimed to clarify which of the three simple anthropometric indices is the best predictor of these risk factors, and to determine if the magnitude of association varies with gender in the study population.
Materials and methods

Subjects
We conducted a cross-sectional territory-wide survey on diet and cardiovascular risk factors among Hong Kong Chinese people from 1995 to 1996. The study methods have been described in detail in previous reports. 22, 23 In brief, the study subjects were recruited through a random telephone survey, and invited to one of the appointed hospitals to undergo physical examination and laboratory tests. The response rate for the telephone interview was approximately 80%. Subjects were divided by gender and age (into five age groups: 25 -34, 35 -44, 45 -54, 55 -64 and 65 to 74-y-old). Thereby, a total of 10 groups were established. Dietary assessment was carried out consecutively on those who came to the hospitals until 100 or more subjects were recruited into each of the 10 sex and age specified groups. A total of 500 men and 510 women completed dietary surveys, blood tests and anthropometric measurements. The sample closely matched the Hong Kong general population, and there were no significant differences in physical, laboratory or clinical indices among subjects recruited from the various regions. Informed consent was obtained from all subjects. The Ethics Committee of the Chinese University of Hong Kong approved the study.
Blood sampling, processing and analysis All subjects were asked to fast for 12 h before their visit. The initial venous blood sample was collected into EDTA for lipid and into fluoride oxalate for fasting glucose measurements. In addition, clotted blood was collected for fasting insulin measurements. A 2 h glucose tolerance test was also performed.
Plasma lipids were measured on the Hitachi 717 analyzer (Hitachi Instruments, California, USA). Total cholesterol concentration was estimated using the cholesterol oxidase method (CV 2.9% at 3.3 mmol=l and 2.5% at 7.0 mmol=l), and triglyceride using the lipase=glycerol kinase method (CV 3.3% at 0.63 mmol=l). High density lipoprotein cholesterol (HDLc) was measured after precipitation of very low density lipoprotein (VLDL) and low density lipoprotein (LDL) by polyethylene glycol PEG 6000 (CV 4.2% at 1.64 mmol=l). LDL-cholesterol (LDLc) was calculated by the Friedewald Equation, 24 and apolipoprotein A1 and B were examined using an immunoradiometric assay (IRMA, Mercadia apo (a), apo (b) kit, Uppsala, Sweden; CV 3 -5%). Fasting and 2 h plasma glucose was measured using the Hitachi 747 analyzer with the Boehringer Mannheim Hexokinase method (interassay CV 1.8% at 4.4 mmol=l).
Measurements of blood pressure Two consecutive measurements of blood pressure were taken from the subject's right arm after each subject had been sitting for at least 10 min. Systolic and diastolic pressures were recorded to the nearest 2 mmHg. If the two systolic or diastolic blood pressures recorded were > 4 mmHg apart, a third measurement was made. The average of the two blood pressures was used for the subsequent analysis. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were defined as the points of the appearance and disappearance of Korotkoff sounds, respectively.
Anthropometric measurements
Height was measured to the nearest 0.5 cm, and weight to the nearest 0.1 kg in light clothing and without shoes. BMI was calculated as weight (kg)=height (m) 2 . Waist and hip circumferences were measured twice to the nearest 0.5 cm and the mean was used for subsequent analysis. WC was measured half way between the xiphisternum and the umbilicus while hip circumference was measured at the level of the greater trochanters. WHR was then calculated.
Other assessments Dietary intakes were assessed using a validated local food frequency method, and the results have been reported elsewhere. 22 Questionnaire interviews were conducted to gather information on variables such as current smoking status, alcohol consumption, physical activity in leisure-time, and education status based on standard questionnaires. The information from the interviews was recorded as ordinal categorical data.
Definitions
Subjects who were either already receiving treatment for diabetes or had a fasting glucose level of 7.8 mmol=l or 26, 27 Definite hypertension was defined as SBP 160 mmHg and=or DBP 95 or subject with normal BP but on treatment for hypertension. Borderline hypertension was defined as SBP ranging from 140 to 159 mmHg, or DBP 90 to 94 mmHg. Overweight and general obesity were defined as a BMI between 23.1 and 24.9, and > 25, respectively and central obesity was defined as a WC 90 cm for men and 80 cm for women as recently proposed by the International Association for the Study of Obesity. 28 
Data analysis
All analyses were carried out separately in men and women by using SPSS software (version 9.0). Age and gender-stratified prevalence of obesity and metabolic syndromes were calculated.
To remove the effects of diabetes on the associations between obesity and metabolic risk factors, subjects with definite diabetes (33 men and 37 women) were excluded in the partial correlation analyses and covariance analyses. Partial correlation analyses were performed to quantify the independent associations of the three anthropometric indices with metabolic profiles after adjustment for age, and for each of the three measurements, BMI, WHR or WC. In the subsequent analyses, subjects were divided into five groups by BMI, WHR or WC percentiles (< 25%, 25 -50%, 50 -75%, 75 -90%, 90%). Analyses of covariance were used to calculate the covariable adjusted means (s.e.m.) by levels of BMI, WHR and WC. Multivariate logistic regression analyses were performed to evaluate the independent associations between the anthropometric indices and hypertension, diabetes mellitus, and dislipidemia after also taking into account the presence of other confounding factors such as level of education, smoking, alcohol consumption and level of physical activity.
Results
Prevalence of obesity and cardiovascular risk factors
According to the definition of overweight suggested by the International Association for the Study of Obesity, about Anthropometric indices and cardiovascular risk factors SC Ho et al Figure 1 Partial correlation coefficient between metabolic variables and obesity factors after controlling for age (F1 and M1), age and BMI (F2 and M2), age and WHR (F3 and M3), and age and WC (F4 and M4) among women (F1 -4) and men (M1 -4) without definite diabetes mellitus. F-Glu, fasting plasma glucose; 2-h Glu, 2 h plasma glucose post 75 g glucose load; insulin, fasting serum insulin; Trig, Chol, HDLc, LDLc, apo AI, apo B, plasma triglyceride, cholesterol, high density lipoprotein cholesterol, low density lipoprotein cholesterol, apo AI and apo B, respectively; SBP and DBP, systolic and diastolic blood pressure.
Anthropometric indices and cardiovascular risk factors SC Ho et al two-thirds of the men in the study can be considered as overweight, while about half of the women aged below 50 y and 72% aged 50 y and above were overweight (Table 1) . Among the younger subjects (< 50 y), men had statistically significantly higher prevalence of overweight and dislipidemia than women, while a higher prevalence of IGT was observed among women. However, a significantly higher proportion of the older women than men had central obesity.
Partial correlation between anthropometric indices and metabolic variables After controlling for age, WC had the strongest correlation with almost all of the studied metabolic variables in women, while both BMI and WC had strong associations with the variables in men (Figure 1) . While WHR had a much stronger association with cardiovascular risk factors than BMI in women, we observed that BMI still had a strong correlation with these risk factors in men. Among the studied metabolic variables, fasting serum insulin had the strongest association with obesity (r 0.48 -0.59), followed by HDLc (r 0.32 -0.46), TG (r 0.32 -0.34), and blood pressure (r 0.27 -0.33). Plasma TC and LDLc had only a weak correlation with the obesity parameters (r< 0.17). In addition to age, further partial correlation analyses controlling for either BMI, WHR or WC revealed that WC remained the strongest predictor variable of cardiovascular risk parameters.
Comparison of estimated means by levels of BMI, WHR and WC
To examine the effects of BMI, WHR and WC on cardiovascular risk factors, the subjects were divided into five levels according to gender-specific percentiles (< 25%, 25 -50%, 50 -75%, 75 -90%, 90%) of BMI, WHR and WC. The estimated means of cardiovascular risk parameters by levels of BMI, WHR and WC were calculated after adjustment for age. The three obesity indices showed similar magnitudes of association with diabetes-related variables, blood pressure, serum triglyceride and HDLc for both sexes. Lipids were more strongly correlated with the obesity indices in men than women, while plasma glucose and blood pressure were more strongly correlated with the obesity indices in women (data not shown).
As shown in Figures 2 -4 , the analyses of covariance revealed a difference in the relation between the anthropometric indices and the metabolic variables after further adjustment for WHR (by levels of BMI) or BMI (by levels of WHR and WC). Among men, general obesity (BMI) seemed to have a stronger independent influence than central obesity (WHR) on blood pressure, plasma lipids and serum insulin. On the other hand, WHR showed a relatively stronger association with plasma glucose, HDL and serum insulin, but a weaker correlation with blood pressure in women. 
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Association between simple anthropometric indices and metabolic syndrome Forward stepwise multiple logistic regression analyses were carried out separately in men and women to investigate the independent relation between the three obesity indices with metabolic syndrome after adjusting for age, educational status, physical activity, cigarette smoking and alcohol consumption ( Table 2) . Since the three indices were highly inter-correlated, only one out of the three factors would be introduced into the logistic regression equation at each analysis. Significant correlations were observed between BMI and hypertension and dislipidemia among men, and WHR and diabetes and dislipidemia among women. WC was also independently associated with hypertension (in women) and diabetes (in men). The results suggested that central obesity tended to be an independent predictor of Figure 3 Estimated means of fasting plasma lipids and apolipoproteins by levels of BMI, WHR and WC in Chinese adults after adjustment for age and BMI or WHR in subjects without definite diabetes mellitus.
Anthropometric indices and cardiovascular risk factors
SC Ho et al metabolic syndromes in women, whereas general obesity was still a good predictor of these syndromes in men.
Discussion
Previous studies have used body weight, BMI, total and abdominal fat, body circumferences and their ratios, and skinfolds and their ratios for the assessment of overweight and fat distributions. Both total fat and abdominal fat can now be precisely measured by double energy X-ray densitometry, CT and MRI, respectively. Measurements of total fat and abdominal fat could more precisely predict the impacts on health. However, due to the high costs and complex instruments involved, these methods are rarely used in large epidemiological studies and self-assessments. Skinfolds have been widely used to assess total fat and fat distribution in epidemiological studies, especially in children, but there are considerable variances among different measurements, and among different operators, particularly in obese subjects. 29 -31 The limitations of these methods undermine their usefulness for adults. Thus, body circumferences have been widely used as indicators of obesity because of ease of measurement and greater reliability. BMI is by far the most widely used measurement to reflect general obesity, while WHR, WC and abdominal sagittal diameters are used as indices of central obesity.
Based on the newly recommended criteria of obesity for the Asian-Pacific populations, 28 over half of this population can be considered as overweight, and about one-third can be considered as obese (males 30.8 and females 38.4%). The prevalence of general obesity in this population would thus be similar to that reported in the United States (33%, BMI 27.8 kg=m 2 for men and 27.3 kg=m 2 for women), 2 but much higher than that among the Japanese population (BMI 25 kg=m 2 , males 27% and females 23%). 32 However, Chinese subjects had considerably lower prevalence of central obesity based on the cut-offs suggested by ISAO. 28 Some 22.2% of men and 29.9% of women (by WC) were considered to have central obesity, while about half of the Caucasian people in the UK were centrally obese. 33 Studies have found that total fat as well as abdominal fat distribution play an approximately equal role in cardiovascular diseases. 34, 35 Mykkanen et al 10 and Spiegelman et al 11 also found obesity per se, rather than its distribution, a more significant predictor of metabolic risks. In this study, we compared the correlation between the three obesity parameters (BMI, WHR and WC) and cardiovascular risk factors such as diabetes mellitus, hyperinsulinemia, dyslipidemia and hypertension. As reported by Mueller et al 13 we observed that central obesity was more closely associated with cardiovascular risks than general obesity in women. Although many studies have documented that central obesity, as reflected by WHR, is closely associated with cardiovascular diseases for both sexes, 8, 12, 18 we could not observe a strong association between these variables among the male subgroup. The relation between obesity indices and metabolic variables seemed to differ between men and women. Based on the results of partial correlation analysis, we found that WC was the best index for women, while for men BMI worked as well as WC in explaining variations in risk factors.
The results of the forward logistic regression analyses suggested that BMI in men and WHR in women are the important anthropometric indices to predict metabolic syndrome (hypertension or diabetes or dislipidemia). WC was also a significant predicting variable for both sexes. Gender difference of the correlations of obesity pattern with metabolic risk factors was further confirmed.
Some studies have reported WC to be a good simple index of central obesity. 18, 20, 21 Other researchers have also found WC to be more closely correlated with the level of abdominal visceral adipose tissue than the WHR. 17 -19 If WC was an index only reflecting central obesity, we could conclude that central obesity rather than general obesity was a strong predictor of metabolic syndrome. However, in this study, we found WC and BMI (r 0.84) had a correlation even stronger than that with WHR (female 0.34, male 0.63). BMI Figure 4 Estimated means of blood pressure by levels of BMI, WHR and WC in Chinese adults after adjustment for age and BMI or WHR in subjects without definite diabetes mellitus.
Anthropometric indices and cardiovascular risk factors SC Ho et al was not found to have any significant association with the studied metabolic variables when WC was adjusted for. Also, after adjustment for BMI, the correlation between WC and many of the metabolic variables did not remain significant in men. These findings suggest an overlap of information contained in WC and BMI. As such, we speculate that WC might be a useful index reflecting both central and general obesity.
Also, we did not observe threshold values of the obesity indices in relation to the studied risk factors. The values of many of the metabolic variables differed significantly with increasing levels of BMI, WHR or WC, even within the conventional 'normal ranges'. Subjects belonging to levels 2 or 3 had significantly higher plasma glucose, 'bad' lipid, serum insulin and blood pressure, or lower 'good' lipid values than subjects belonging to level 1. The logistic regression analyses also showed that the prevalence of hypertension, IGT and diabetes and dislipidemia increased significantly in among subjects belonging to levels 2 or 3 as compared with those of level 1.
In conclusion, we observed that the association of obesity indices and cardiovascular risk factors varied with gender. The strongest predictors of metabolic syndrome were central obesity for the female subgroup and general obesity for the male subgroup. Among the three studied anthropometric indices, WC was the best predictor of cardiovascular risk factors, especially for women. We recommend that, in addition to BMI, WC should be an additional measurement to be documented in clinical assessments. 
